Background/purpose: The efficacy of non-surgical periodontal therapy (NSPT) has been well discussed. The aim of this study was to investigate whether the baseline clinical periodontal parameters, radiographic defect angle, and interproximal site predict the treatment outcome of NSPT. Materials and methods: A total of 39 patients who were diagnosed with generalized chronic periodontitis and met the inclusion criteria were enrolled in this study. All patients received full-mouth periodontal examination by two well-trained periodontists. Clinical periodontal parameters, including probing depth (PD), recession (Rec), and clinical attachment level (CAL), were recorded, and vertical bitewing radiographs were taken as baseline data. Revaluation was performed after 4 weeks of non-surgical periodontal treatment. Pearson's correlation coefficient and multivariate logistic regression were performed to examine the association between favorable treatment outcome (PD reduction ! 3 mm) and various clinical parameters. Results: A significant improvement was observed in PD reduction and CAL gain after NSPT. The radiographic defect angle was strongly correlated with baseline Rec, baseline CAL, and interproximal sites in teeth with a deeper PD. Baseline PD and interproximal sites emerged as
Introduction
Chronic periodontitis is a chronic inflammatory disease caused by pathogenic microflora in the biofilm, affecting the supporting tissues of the teeth, resulting in the destruction of connective tissues and bone, and tooth loss in severe cases. 1, 2 A recent epidemiological survey reported that 46% of U.S. adults had chronic periodontitis, among whom 8.9% had severe periodontitis. 3 A nationwide population-based database revealed that the prevalence of periodontitis significantly increased from 11.5% in 1997 to 19 .59% in 2013 in a Taiwanese population, and the mean age of patients with periodontitis showed a decreasing trend. 4 Periodontitis is highly prevalent among adults and represents a clear public health problem.
The treatment goal of chronic periodontitis is to remove the calculus and inflamed cementum and arrest the inflammatory disease response. Periodontal treatment is divided into a non-surgical or hygienic phase and a surgical or corrective phase. 5 Non-surgical periodontal therapy (NSPT), known as scaling and root planing, is the most common procedure and remains the gold standard of successful periodontal therapy. 6, 7 The non-surgical phase involves the mechanical removal of supra-and subgingival calculus and plaque to establish periodontal health. In general, scaling and root planing considerably reduce Gram-negative microbes such as Porphyromonas gingivalis, Bacteroides forsythus, and Treponema denticola. 8e10 The shift toward a more dominant population of Gram-positive microbes is typically associated with gingival health. 10 The major goal of periodontal therapy is to reduce the quantity of bacterial plaque and achieve equilibrium between residual microbes and host response. 11 Non-surgical periodontal therapy, combined with effective oral hygiene, can reduce tissue inflammation and pocket depth and improve the clinical attachment level (CAL). 12, 13 Clinical parameters including probing depth (PD), CAL, and recession (Rec) are commonly used to assess periodontal status. The reduction in PD following mechanical instrumentation results from a combination of gain in CAL and gingival Rec. 14, 15 Morrison et al. was the first to demonstrate improvement in clinical parameters of periodontitis 4 weeks after the nonsurgical phase when patients received scaling and root planing and performed effective oral hygiene. 16 The evaluation of periodontium after scaling and root planing should be performed no earlier than 4 weeks following treatment. 15 For patients with mild or moderate periodontal disease, nonsurgical treatment is often sufficient when patients maintain effective oral hygiene. For patients with advanced periodontal disease or osseous defects, periodontal surgery may be necessary to reduce the pocket depth and regenerate the lost attachment tissues.
Previous papers have emphasized changes in microbial species and clinical periodontal parameters after nonsurgical periodontal treatment. 8e11, 16 McGuire et al. studied factors including initial PD, furcation involvement, tooth mobility, plaque index, and bleeding scores, which may predict tooth prognosis and survival rate. 17, 18 Smoking, the presence of subgingival plaque, gingival bleeding, and pocket depth at multi-rooted teeth have been reported as significant factors in determining the short term clinical outcome of non surgical periodontal treatment. 19e21 The baseline radiographic defect angle has been correlated with the clinical outcomes of infrabony defects treated with access flap or regeneration surgery, 22e25 and it has been used as a factor for predicting the success of regenerative approaches. Nevertheless, the role of the radiographic defect angle in predicting the treatment outcomes of NSPT has not been well discussed. The aim of this study was to investigate whether the baseline clinical periodontal parameters, radiographic defect angle, and interproximal site predict the treatment outcome of NSPT.
Materials and methods

Study design and patients
Patients were recruited from the Dental Clinic of National Taiwan University Hospital between July 2016 and June 2017. All patients provided informed consent. The protocol was approved by the Ethics Committee of National Taiwan University Hospital (NTUH-201804058RIND). A flow chart of this study is shown in Fig. 1 . The diagnosis of periodontitis was based on the consensus of the International Workshop of the American Academy of Periodontology. 26 Patients were over 18 years old and generally healthy, without a history of smoking, and had at least 16 teeth after extraction of hopeless teeth. Patients had not received any periodontal treatment nor been prescribed systemic antibiotics in the previous 3 months. The sample size necessary for a power of 90% (alpha Z 0.05) was calculated based on a difference of 20% in CAL before and after treatment, and the variation was 30%. two well-trained and calibrated periodontists before and after NSPT. The calibration was performed with 10 volunteers before the study began. The reproducibility of the clinical measurements was calculated by means of the index, and a value of 0.857 was obtained for the CAL, with a difference of 1 mm.
Radiographic assessment
All patients received four vertical bitewing films for posterior teeth. At baseline, all vertical bitewing radiographs were screened to detect the presence of infrabony defects. If restorations were present, the apical margin of the restoration was substitute to the CEJ as a fixed reference point. 23 In addition, the tooth with ill-fitting prosthesis or restoratives that might interfere biological width and lead to alveolar bone resorption had been ruled out. Most teeth showed radiographically visible calculus. Radiographs were taken with the long cone paralleling technique, using Rinn holders. The measurements were performed with the assistance of DICOM Viewer (Uniweb, version 10.1, EBM Technologies, Taipei, Taiwan), which is a customized software program. Radiographic defect angle was defined by the (A) cemento-enamel junction of the diseased tooth; (B) bottom of the radiographic defect; and (C) bone crest of the adjacent tooth on the radiographs based on the criteria set by Bjorn et al. 27 and Schei et al. 28 (Fig. 2 ) Measurement of the baseline radiographic defect angle was defined by the two lines that represent the root surface of the involved tooth (AB) and the bone defect surface (CB), essentially as previously described. 29 Besides, teeth with dilacerated root were excluded in case any variation of the radiographic defect angle. Furthermore, the bottom of the radiographic defects was apical to the nearby alveolar crest which represented all of the defects were infrabony defects. 30 All examinations were performed by a radiologist who was blinded to the clinical diagnosis and treatment outcome. Calibration of the radiographic measurements and finding the anatomic landmarks were performed by double measurements of 20 radiographs unrelated to this study with at a least 2 weeks gap. Examiner reproduci-bility was calculated as the standard error of the mean difference of the duplicate measurements. 23 NSPT Full-mouth scaling and subgingival root planing were completed within four dental visits within 1 month, with one quadrant treated at each appointment. Patients received oral hygiene instruction once a week. Four weeks after NSPT was completed, patients were re-evaluated for all of the clinical parameters. No medication or chlorhexidine was prescribed during treatment.
Statistical analysis
Descriptive statistics and statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA). The KolmogoroveSmirnov test was conducted to determine the normality of the data distribution. A two-sample t-test for paired data was used to examine the statistical differences in periodontal clinical parameters before and after NSPT. Pearson's correlation coefficient was used to identify correlations among these parameters. Multivariate logistic regression analysis was performed to examine the association between favorable treatment outcome (PD reduction ! 3 mm) and several clinical parameters. The significant difference was set at p < 0.05. 
Results
As Fig. 1 shows, 48 patients were enrolled in this study. Five patients who had received periodontal treatment within 3 months, and four who had fewer than 16 teeth after hopeless teeth had been extracted were excluded from this study. A total of 39 patients completed NSPT and reevaluation. Table 1 shows the demographics and periodontal clinical parameters of all patients. A significant improvement was observed in PD reduction and CAL gain overall. The number of sites with PD ! 5 mm and CAL !5 mm was significantly lower after NSPT. Table 2 Shows the average reduction of PD, increase of Rec, and gain of CAL after NSPT in the anterior and posterior teeth. Similar results were obtained regarding the change of PD and Rec in the anterior or posterior buccal/facial and palatal/distal aspects. However, the posterior teeth showed more prominent CAL gain than the anterior teeth. Table 3 shows the average reduction of PD, increase of REC, and gain of CAL after NSPT at buccal/facial and palatal/lingual sites. No significant difference was observed in the changes of these parameters in the maxillary or mandibular buccal/facial and palatal/lingual aspects. Table 4 shows change in the sites with PD ! 5 mm or CAL !5 mm after NSPT. Both the anterior and posterior teeth showed significant improvement in the number of sites with PD or CAL !5 mm. The results were similar at the buccal/ facial and palatal/lingual sites. The treatment outcomes of the different initial PD groups are shown in Fig. 3 . The average PD reduction was significantly higher in the group with initial PD ranges of 4e6 mm and !7 mm. After NSPT, the number of sites with PD ! 5 mm was significantly lower in the three groups. Table 5 shows the associations between the radiographic defect angle (n Z 102) and initial or final PD, CAL, and Rec, and the changes in PD, CAL, and Rec. The radiographic defect angle was significantly associated with the initial Rec/CAL and final Rec/CAL, indicating that wider radiographic angles are correlated with a larger amount of initial and final Rec/CAL. The correlations among various clinical Table 6 . In the group with an initial PD < 3 mm (Table 6(a)), initial Rec was positively correlated with age, radiographic defect angle, initial PD, and initial CAL. In the group with an initial PD of 4e6 mm (Table 6(b)), initial Rec was positively correlated with age, radiographic defect angle, and initial CAL. A positive correlation was observed between the radiographic defect angle and initial CAL. The wider the radiographic angle was, the larger the initial Rec and CAL were. In the group with an initial PD ! 7 mm (Table 6(c)), initial REC was positively correlated with age and initial CAL. The radiographic defect angle was strongly correlated with interproximal sites. This result suggests that the distal root surface showed a wider radiographic defect angle (shallow bony defect) than the mesial surface.
We defined the treatment outcome as favorable based on a PD reduction or CAL gain !3 mm. Table 7 shows the clinical parameters associated with a favorable treatment outcome based on multivariate logistic regression. In the PD model, baseline PD and interproximal sites emerged as significant factors for predicting favorable treatment outcome with a PD reduction !3 mm. When the initial PD was larger, the amount of PD reduction is more prominent. NSPT was more effective at distal sites than at mesial sites. In the CAL model, the initial PD was the only significant factor for predicting a favorable treatment outcome with a CAL gain !3 mm.
Discussion
This study is the first to report a favorable treatment outcome independently correlated with interproximal sites. The distal sites showed wider radiographic angles with flatter infrabony defects, and the pocket reduction was more obvious than that at mesial sites. This phenomenon was particularly prominent at sites with an initial PD ! 7 mm. Kim et al. studied the correlations between defect angle and PD in 1272 teeth with 135 infrabony defects. They reported that infrabony defects were significantly more prevalent in the mandible than in the maxilla, and more prevalent at mesial sites than at distal sites. 31 In addition, the narrow defect angle was related to deeper PD. Papapanou et al. reported that angular bony defects were more prevalent on the mesial side than on the distal side in a cross-sectional study. 32 Wouters et al. conducted an epidemiological study and reported that interproximal defects were more prevalent on the mesial than distal root surface in a Swedish population. 33 Our results are consistent with previous studies, suggesting that distal sites with wider radiographic angle may predict favorable treatment outcomes of NSPT. This is reasonable when the bony destruction pattern is more horizontal with wider radiographic angles, which results in the effect of pocket reduction by NSPT being more prominent. Infrabony defects or uneven bone architecture may contribute to residual pockets after periodontal treatment and associated with an increased risk of further periodontal breakdown. 34 McGuire and Nunn et al. reported that tooth survival was associated with various factors in 2509 teeth during the maintenance phase. 18 Increased tooth loss was associated with deeper PD and pronounced radiographic bone destruction; however, the morphology and angle of radiographic bony defects were not discussed in their studies. Tooth sites with "angular" or "even" bony loss in patients who did not undergo periodontal therapy were studied after 10-years of follow-up. 35 Their results showed that the presence of angular bony defects increased the risk of further alveolar bone loss. By contrast, Pontoriero et al. failed to prove that sites with angular bony defects were more susceptible to recurrent periodontitis. 36 This is probably because all of the participants received active periodontal treatment and were placed in a highly strict maintenance case program that included recall appointments every 3e6 months for a period of 5e16 years.
The variation of root anatomy may explain why angular radiographic defects were more prevalent on the mesial surface of premolars and molars than on the distal surface. 34 Nevertheless, excess chewing force from opposing tooth or unfavorable tooth alignment may also have contributed to this phenomenon. Previous studies have reported correlations between radiographic defect angle and the clinical outcomes of infrabony defects treated with access flap or regeneration surgery. 22e25 The findings of these studies suggested that CAL gain and bone fill are associated with narrow radiographic infrabony angles.
Cortellini & Tonetti et al. studied 242 infrabony defects treated with guided tissue regeneration and found a significant difference in the CAL outcomes of narrow and wide defects, and they suggested the radiographic defect angle as a crucial factor for predicting the treatment outcome of guided tissue regeneration. 37 In our study, we found no positive association between radiographic defect angle and favorable treatment outcomes (PD reduction ! 3 mm) in a multivariate logistic model; however, the fact that PD reduction at distal sites was more prominent than at mesial sites might explain the higher prevalence of angular bony defects at mesial sites. Wider radiographic defect angles were found to correlate with baseline Rec at sites with a PD of 4e6 mm and <3 mm, implying that when infrabony defects appear more horizontally, the baseline Rec is more obvious. In other words, the baseline PD might be shallower with a relatively narrow radiographic defect angle. The PD reduction is more prominent in a shallow infrabony defect, and the final Rec is also more prominent. The efficacy of NSPT was proven in this study and was consistent with previous studies. 6,38e42 In our study, the amount of PD reduction was similar at the anterior, posterior, buccal, and lingual sites (Tables 2 and 3 ). Although the CAL gain was significantly higher in the posterior teeth than in the anterior teeth (Table 2 ), this may have been due to the deeper baseline PD at the posterior teeth. The amount of PD reduction and attachment level gain are reported to correlate to initial measurement and severity. 12, 16 For periodontal pockets with an initial PD of 4e6 mm, the mean reduction in pocket depth is 1.29 mm and CAL gain is 0.55 mm. For pockets with an initial PD ! 7.0 mm, the mean pocket depth reduction is 2.16 mm and CAL gain is 1.19 mm. Nevertheless, PDs with an initial PD 3 mm may have a net loss of 0.34 mm in CAL. 12 In this study, sites with a PD reduction or CAL gain !3 mm were positively correlated with baseline PD after adjustment of the initial Rec and interproximal sites. Our findings are in agreement with previous studies, suggesting that patients with a deeper baseline PD show more prominent PD reduction after NSPT. This study had some limitations. First, the data of plaque index, gingival index, tooth mobility, and furcation involvement were not recorded in this study. Second, buccal and lingual defects are not measurable on radiographs, and only interproximal defects were analyzed. In addition, the interpretation of defect morphology was difficult because radiographs provide two-dimensional images. Despite on the limitations of this study, we concluded that the initial PD and interproximal sites may predict the treatment outcome of NSPT. Shallow infrabony defects with wider radiographic angles are also correlated with initial Rec, CAL, and distal tooth sites. The diagnosis of osseous defects based on clinical periodontal parameters and reestablishing their morphology with qualified radiographs are crucial in clinical treatment decisions. These data justify the specific attention that periodontists pay to clinical parameters and radiographic defect angles and provide rationale for the efficacy and predictive factors of NSPT. 
